We calculate the differential cross section for semi-inclusive pion production in electron proton reactions using a model where the physical quark fluctuates with some probability to quark plus pion, The kinematic regions for a determination of this 'pion cloud' are evaluated.
Introduction
Since Yukawa the nucleon has been perceived as an extended object with a pionic cloud around it. The one-pion exchange interaction between nucleons is a natural consequence of pion emission and absorption by nucleons. The extent of the pionic cloud of the nucleon has, however, been debated. Proponents of the N-N-one-boson exchange model use form factors with cut-off values A ~ 2-2.5 GeV, which give a large amount of pion admixture to the nucleon. In an analysis of pion-electroproduction data on the proton [1] an estimate of the pion cloud of the nucleon has yielded a rather small value, namely a 3% admixture of nrc + to the naked p state. This small probability would make it unrealistic to use coherent pion emission of the nucleon to create sea quarks in the nucleon, which is a process proposed in Refs. [2] .
On the other hand, it is very natural to couple quarks to scalar (r and pseudoscalar mesons (rr) in a chirally invariant way. Tile first coupling leads to the constituent quark mass after spontaneous breaking of the (or, rr)-symmetry. The second coupling to pions produces a pion cloud of the constituent quark. There is a difference between a pion cloud of the nucleon and the pion cloud of the quark. Emission and absorption of a pion by the same quark determines the pion cloud of the constituent quark. small inclusive mass and correspondingly z --E~/u ~ 1 will give only the pion cloud of the nucleon, as described in Ref. [1] . We suggest that the constituent quark structure is the more interesting quantity to study, as was also proposed in Ref. [3] .
The constituent quark picture has been a simple and convincing concept to explain the static properties of baryons and mesons. It is surprising how well magnetic moments and masses of baryons are reproduced. In deep inelastic lepton nucleon scattering the quarks are visible with their momentum distributions and charges. Yet the constituent quark model has never been able to explain the measured structure functions of the proton. Especially the transition with Q2 from an extended constituent quark with its own internal structure to a pointlike current quark has not been investigated.
At low Q2, the constituent quark has intrinsic structure, namely a pion and possibly also a gluon cloud. The baryon will be described by a light cone wave function of three constituent quarks. This wave function takes care of the relativistic motion of the quarks and can, in principle, be obtained from a suitable light cone Hamiltonian.
In this article, we want to focus on the phenomenological aspects of the constituent quark. We want to define a procedure to separate its internal structure from the bound state dynamics contained in the quark wave function.
For this purpose, we first analyze in Sect. 2 the quasistatic properties of the nucleon which are derived from moments of deep inelastic structure functions, namely the Gottfried sum rule, So, the axial vector coupling, 9A, and the spin sum rules, F~ '~.
These moments depend on integrated pion probability distributions. In the second step (Sect. 3) we determine the semi-inclusive pion production cross section which gives differential information about the pion cloud of the constituent quark. Section 4 analyzes the experimental possibilities to measure the semi-inclusive process in the relevant Q2 :cB, and z range described. Finally we conclude in Sect. 5.
The pion content of the constituent quark
In the naive patton model the proton consists of two upquarks and one down.quark: ] p.} = l uud). Beside the valence quarks there is a sea of quark antiquark excitations which, however, does not affect the sum rules .concerning electric charge, baryon number or strangeness. In an .obvious notation, the total content of flavor i in the proton can be written as
qi(x) = qi#(x) + qi,~(x) + #l<~(x)
where i = u,d,s .
(
Making two assumptions, namely 1. Isospin invariance:
2. Flavor symmetry of the sea:
the Gottfried sum rule [4] is derived in this simple model to be which implies a substantial violation of the Gottfried sum rule, Eq. 4. This so-called GSR defect can be accommodated in two ways. It has been suggested [7] that contributions from the unmeasured region of small x (x < 0.004) could make up this defect. However, recent measurements of the structure functions for very small 0e (down to x ,-~ 10 -4) at HERA [8] show that the NMC extrapolation employed in Eq. 5 is fairly good. The other interpretation, first proposed by Eichten, Hinchliffe and Quigg [9] and assumed in this paper, is that assumption 2 used to derive the Gottfried sum rule is wrong and the sea of light quarks is flavor asymmetric instead, i.e.
%(x) =-(z~(x) 5~ d,(x) =-d~(x) .
Now we get a prediction for the Gottfried sum which is different from the value 1/3 depending on flavor asymmetry:
0
The observed value of SG = 0.240=t=0.016 means that in the sea of the proton there :is an excess of d-quarks over u-quarks [10] . The origin of this flavor asymmetry can be understood in the framework of effective chiral quark theory [1 l, 12] . Quarks (that is: massive constituent quarks) can fluctuate into quarks and pions, the only bosonic degrees of freedom considered here. Hence, the physical constituent quark is the coherent sum of a single naked (albeit massive) constituent quark and a state in which the quark is dissociated into constituent quark and pion. It is this idea that we want to term "pion cloud of the constituent quark". Before presenting a more detailed discussion in the next section of the properties of this pion cloud of the constituent quark, we want to employ a toy model [9] that already captures the essential features. In this simplified picture a nucleon consists of up-and down-quarks only. In the chiral quark model a u-quark can emit arc + (containing a valence u-quark and a valence d-antiquark) or a 7r ~ as depicted in Fig. 1 . The model parameter describing this idea is
the probability for an up-quark to turn into a down-quark with the emission of a rc +. We assume that this fluctuation is small enough to be treated as a perturbation. In this picture a physical constituent quark (U) after one such interaction is a superposition of different (naked) 
The flavor content of the proton and neutron in this simplifled model hence is given by Z e2Ni/p = e u2 [(2+7-2:) 
